ABSTRACT
Introduction
Adult literacy skills are of both fundamental and instrumental importance. Sen (1999) argues that we should aim for a society in which every person has the capability to pursue any reasonable version of what they perceive to be good. To do so requires both access to at least minimal levels of resources and possession of characteristics that Sen calls "functionings". One of the most important of these functionings is literacy. Without literacy, individuals cannot take a full and equal role in social and political discourse: they become less than equal members of society without the basic tools required to pursue their goals. Thus, in any attempt to build a better society, the distribution and generation of literacy is of fundamental importance. Literacy is also potentially important for instrumental reasons. Individuals with higher levels of literacy enjoy better employment opportunities and command higher earnings, leading to a higher level of well being (Green and Riddell, 2003; Statistics Canada and OECD, 2005) . From a societal point of view, a more literate workforce may be better positioned to adjust to change and to adopt new technologies. Thus, improving literacy for individuals may have spill-over effects that benefit the economy as a whole.
In this paper, we study the relationship between age and basic literacy skills using data from the 1994 International Adult Literacy Survey (IALS) and the 2003 International Adult Literacy and Life Skills Survey (IALSS). For reasons discussed below, most of our analysis focuses on the Canadian data, but we also carry out a similar analysis for the U.S. and Norway, two countries that also participated in the -1998 IALS and 2003 international comparative data collection on basic cognitive skills.
The IALS and IALSS surveys are unique in providing measures of basic literacy and numeracy skills for a representative sample of the adult population. In IALS 1994 skills were assessed in three domains: prose literacy, document literacy and quantitative literacy, while in IALSS 2003 a fourth skill -problem solving -was also assessed. These surveys combine methods of educational testing with household survey techniques, and also provide detailed individual and demographic information on respondents. A key objective is to assess skills used in daily activities -at work, in the home, and in the community. In other words, these are basic cognitive skills used in daily life.
In previous research using the 1994 IALS data we found that there is a surprisingly weak relationship between literacy skills and age, after controlling for other influences (Green and 1 Riddell, 2003; Ferrer, Green and Riddell, 2006) . In this paper we investigate the relationship between literacy skills and age more thoroughly using the much larger sample provided by the 2003 IALSS data. Again, we find that the partial relationship between literacy skills and age is quantitatively modest and, if anything, negative in direction. The absence of a positive relationship between basic cognitive skills and age is perhaps surprising as individual earnings typically increase with age, albeit at a decreasing rate. The virtually universal finding of positively sloped age-earnings profiles is generally attributed to accumulation of human capital with work experience over the life cycle. 1 The relationship between literacy skills and age appears to not follow the pattern displayed by other forms of human capital.
However, the relationship between skills and age in cross-sectional data could reflect some combination of age and cohort effects. We also study cohorts by education.
Our investigations of literacy using 2003 IALSS data yield several noteworthy results.
Literacy increases strongly (though at a decreasing rate) with years of schooling. Parental education levels also have a positive association with literacy, and parental immigrant status also plays a role. Perhaps most interestingly, we find a relatively weak negative relation between age and literacy, mirroring the finding of our earlier work with the 1994 IALS data (Green and Riddell, 2003) . At first glance, these results appear to imply that individuals acquire their literacy through formal schooling and through the efforts of their parents but that their literacy levels do not develop further (and, indeed, gradually decline) upon leaving school. However, using a combination of the 1994 IALS and 2003 IALSS data, we show that the small negative slope of the profile of literacy relative to age in the cross-sectional datasets actually arises from a combination of offsetting ageing and cohort effects. In particular, individuals from a given birth cohort lose literacy skills in the years after they leave school at a rate that is typically greater than is indicated by cross-sectional estimates. There is less evidence of decline at the bottom of the skill distribution (where initial skill levels are low) but strong negative age effects at the top. At the same time, we find evidence that more recent birth cohorts have lower levels of literacy. This is particularly true for more highly educated individuals. Thus, a 35 year old in IALSS 2003 has approximately the same average literacy score as a 25 year old in the same survey not because that 25 year old should expect to be at the same literacy level in 10 years but because the 35 year old started from a higher literacy level at age 25 (i.e., comes from a more literate cohort) but lost some of their initial literacy skills during the time since they left school. These results suggest, on the one hand, a tendency for literacy skills to decline over time and on the other that we are doing a poorer and poorer job of educating successive generations.
The strong relationship between formal schooling and literacy is more evident when we use the sample that pools the 1994 and 2003 data and controls for cohort. The correlation of differences in literacy across cohorts with differences in education results in under-estimation in cross-sectional data of the impact of schooling on literacy.
We complement our analysis of Canadian data with that for Norway and the United
States. These three countries are of interest for several reasons, including the fact that Canada generally falls between Norway and the U.S. both in terms of literacy levels and the extent of inequality in their literacy distributions. All three countries show the same pattern of literacy loss with age. Thus, whatever Norway is doing better it seems not to have to do with maintaining literacy levels after leaving school. Furthermore, both the U.S. and Norway show much the same cross-cohort pattern as Canada. The countries differ, however, in the part of the skill distribution where falling skills are most evident. In Canada the cross-cohort declines are especially large among those at the top of the skill distribution. The Norwegian data also shows declining skills across cohorts, but these are more prevalent at the bottom rather than the top of the distribution.
In the U.S. the decline in literacy skills over time is most pronounced in the middle of the distribution. Thus, in all three countries there is evidence of declining literacy skills with successive generations, although there are differences in the extent of these declines among different segments of the population.
The paper is organized as follows. The next section describes our data and reports 3 summary statistics. Section three analyses the generation of literacy skills using the crosssectional 2003 Canadian IALSS data. In the fourth section we employ "artificial cohorts"
analysis to estimate separate age and cohort effects for Canada using the pooled 1994 and 2003 data. Section five reports a similar artificial cohorts analysis for the US and Norway. The final section concludes.
Data
Our data comes from the International Adult Literacy and Skills Survey (IALSS03), a fascinating survey carried out in several countries in 2003. 2 We also make use of the International Adult Literacy Survey (IALS94), an earlier survey of literacy skills carried out, for Canada, in 1994.
The IALSS03 includes standard questions on demographics, labour force status and earnings, but it also attempts to measure literacy and related cognitive skills in four broad areas: Prose Literacy, Document Literacy, Numeracy, and Problem Solving. 3 Perhaps of most importance for our discussion, the IALSS03 and the IALS94 did not attempt to just measure abilities in math and reading but tried to assess capabilities in applying skills to situations found in everyday life.
Thus, the Prose questions in the surveys assess skills ranging from items such as identifying recommended dosages of aspirin from the instructions on an aspirin bottle to using "an announcement from a personnel department to answer a question that uses different phrasing from that used in the text." The Document questions, which are intended to assess capabilities to locate and use information in various forms, range from identifying percentages in categories in a pictorial graph to assessing an average price by combining several pieces of information. The Numeracy component ranges from simple addition of pieces of information on an order form to calculating the percentage of calories coming from fat in a Big Mac based on a nutritional What we call the Ability Proxies (the variables containing recollections of perceptions of school) exhibit real variability, implying they may be useful as covariates.
For the analysis of ageing that follows it is useful to provide some background information on the distribution of literacy skills in the population. Figure 1 shows a kernel density plot for the average literacy score for our sample. The density is negatively skewed with a mean of 270, a median of 285 and a standard deviation of 54. The fact that the distribution is negatively skewed when ability is typically thought of as distributed according to a positively skewed distribution such as the log normal may reflect a lack of sufficiently difficult questions to differentiate among highly literate respondents. The minimum average score in the sample is 94, representing extremely low proficiency at the test tasks, while the highest is 433. 4 Inequality in the distribution is reflected in an associated Gini coefficient value of .107 and a value for the log of the ratio of the 90 th percentile to the 10 th percentile of .504. To put this in perspective, the Gini for pre-tax and transfer family income from the 2001 Canadian Census is .438 and the log of the 90-10 ratio is 3.48 (Frenette et. al., 2009) . Thus, the distribution of literacy is much less unequal than that of market income. This is not surprising since literacy skills are only one of the components playing a role in earnings generation.
4 Figure 1 is constructed using the pooled data from 1994 and 2003 and so does not exactly match the statistics in Table 1 . We present the pooled data density in order to be comparable with the other figures in the paper, all of which examine changes over time between the two surveys. The plot is truncated at the 0.5 th and 99.5 th percentiles in order to cut out distracting long tails on either end. The plot uses Stata 9's default values for the kernel and smoothing parameters.
The Generation of Literacy Skills
We turn now to using IALSS03 to examine the sources of literacy. We use the log of the average literacy score as our dependent variable so our estimated coefficients can be interpreted as showing impacts in terms of percentage changes in literacy.
Before presenting the estimation results, we begin by setting out a brief, heuristic model of literacy generation. The model will help to put our estimates in context as well as providing guidance in thinking about identification issues. Consider a simple model in which individuals start out at birth endowed with two key characteristics: their ability and parental resources. By parental resources, we mean something quite broad, incorporating both parental income and parental willingness and ability to support their children's education and literacy acquisition.
Pre-school children begin to acquire literacy based on these fundamental characteristics. Once they enter school, ability and parental resources interact with characteristics of the school such as teacher quality, class size and the attitudes and abilities of peers. New additions to literacy with each year of schooling are then functions of ability, parental resources, school characteristics and the literacy level at the beginning of the period. These influences may interact in complicated ways. These additions continue until the legal school leaving age. After that point until the end of high school, students make a decision each year on whether to continue in school. That decision will be a function of ability, parental resources and school characteristics, but it is also likely to be a function of literacy acquired to that point. The more literate a student is, the less onerous they are likely to find school and the more likely they are to choose to stay an extra year. Finally, after high school, whether an individual continues to go to school will be determined by a combination of their own decision to apply to continue and the decision of the college or university on whether to admit them. The latter decision will likely be a function of the student's literacy as reflected in her grades. Thus, schooling and literacy are co-determined with extra years of schooling leading to increased literacy but increased literacy also leading to more years of schooling, especially after the legal school leaving age. Indeed, once we account for expectations, the inter-relation between the two may be even tighter. Individuals who do not expect to continue with school past the legal minimum may rationally under-invest in acquiring literacy skills while they are in school.
Once individuals leave school, literacy acquisition is likely more difficult. Literacy skills may be acquired on the job if they are needed for carrying out tasks at work but otherwise further 7 acquisition would require active investment in non-work hours. Indeed, it seems quite possible that individuals could lose literacy skills after they leave formal schooling if those skills depreciate when they are not used.
We are interested in characterizing the components of literacy generation, especially in whether literacy declines or rises after leaving school and how this ageing process is related to individual characteristics. If literacy has a "use it or lose it" form then there may be a case for adopting policies that encourage literacy maintenance and "lifelong learning" activities. Also of interest is the relationship of literacy to parental characteristics and resources as well as the linkage between formal schooling and literacy since this is a main channel through which one could hope to influence literacy outcomes. Many of these parameters of interest reflect causal relationships that are difficult to establish definitively. We will make efforts to estimate the causal parameters where the data permit but some of what we will discuss is necessarily in the form of correlations rather than clear causal impacts.
The first column of Table 2 presents our simplest OLS regression in which the dependent variable is the log of individual literacy score and the independent variables are age, age squared, years of schooling, years of schooling squared, and a gender dummy. The coefficient on the gender dummy indicates that there are not economically or statistically significant differences in literacy between men and women conditional on age and education.
5 All the other variables are statistically significantly different from zero at the 1% level but this does not mean their actual impacts are sizeable. The age and age-squared coefficients are highly statistically significant but together they imply that the impact of an extra year of age on literacy is actually -0.6% at age 30 and -1.0% at age 50. The one relationship that is economically substantial is that between literacy and formal schooling. One extra year of schooling, evaluated when the individual already has 12 years of education, increases literacy by 3.2%. This is very similar to what Green and Riddell (2003) calculated using the IALS94 data.
The second column replaces the quadratic specification of Age with a less parametric specification using 10-year age categories. The quadratic specification actually yields a slightly better fit. The implications of the estimates are very similar.
Literacy declines very gradually with age -for example by less than 3% for those 46-55 years of age relative to the omitted category (26-35 years of age). However, among individuals over age 65 literacy skills are substantially lower, controlling for gender and education.
As we discussed earlier, literacy and years of schooling are likely to be jointly determined. In that case, OLS estimates are likely to be biased. Although most attention focuses on the estimated impact of schooling on literacy, other coefficients (including those on age) could also be biased. We attempt to address this in two ways. as particularly costly to either acquire literacy or go to school then we could observe a positive coefficient on schooling because years of schooling is proxying for ability rather than as a reflection of a causal impact of schooling on literacy. This problem can be addressed if we have a measure of ability since once we control for ability, any relationship between schooling and literacy cannot be due to an omitted ability term.
Note, though, that many studies that try to control for ability (in, for example, earnings regressions) actually use scores on tests much like our literacy tests. What we would require is a test score from a very young age -before the process we are trying to study really begins. Since we don't have that, we instead try to proxy for ability using two variables that are plausibly related to it.
In the third column of Table 2 we add variables on parental education and parental immigrant status. Introducing these variables has virtually no impact on the gender coefficient, but it does have the expected consequence of reducing the coefficient 9 on years of schooling, albeit by a small amount (<5%). Including them also leads to an increase in the age coefficient. Given that the coefficient on the age-squared variable also becomes more negative, the net effect of age remains quite small. The parental education variables are jointly highly significantly different from zero but, perhaps surprising, the effect is found mainly at low levels of parental education. Having a parent (either mother or father) who is a high school drop out decreases average literacy by about 3%.
However, parental education beyond high school graduation has relatively modest further impacts on literacy. Interestingly, not knowing a parent's education level (which is the case for approximately 9% of the sample) has a strong effect, being associated with approximately 5% lower literacy. While we included this variable in order to allow us keep the observations with missing information on parental education, it seems possible it represents something real. For example, children who do not know a parent's education likely did not have a close relationship with that parent. Thus, the estimated coefficient may reflect the extent to which literacy is generated through direct parental involvement.
Finally, having a mother or father who is an immigrant has a mild association with literacy (increasing literacy by 1%-2%). We also tested specifications in which we included a set of parental occupation dummy variables but these were never jointly statistically significant. 6 We also find that a dummy variable representing whether the individual's mother was working when the individual was 16 does not have a statistically significant effect. Overall, the results point to a surprisingly weak association between literacy and parental background. Only schooling seems to have a substantial impact on literacy generation.
In the fourth regression, we add the ability proxies. Both are based on the respondent's experiences while in secondary school. The first is a dummy variable equalling one if the person agreed or strongly agreed with the statement that they got good grades in math when they were in school and the second is a dummy variable equalling one if the respondent agreed or strongly agreed with the statement that teachers often went too fast and the person often got lost. Either of these could plausibly be seen as proxies for innate ability. Both of these variables enter significantly, with people who claimed to have gotten good grades in math having 1.5% higher literacy and those who thought teachers went too fast having 2.5% lower literacy. However, including these variables has almost no impact on the age coefficients. Their inclusion does reduce the estimated impact of schooling on literacy, but the magnitude of the decline is modest (< 10%).
An alternative approach to identifying a causal effect is to adopt an instrumental variable strategy. We use the minimum school leaving age as an instrument for schooling. 7 Changes in compulsory schooling laws have been shown to have significant effects on educational attainment, and have been a commonly used instrument for education in many studies (see, for example, Acemoglu and Angrist, 2000; Lochner and Moretti, 2004; Milligan, Moretti and Oreopoulos, 2004; Harmon and Walker, 2005; and Oreopoulos, 2006a, 2006b ). In Canada, education falls under provincial jurisdiction and compulsory schooling laws vary across provinces as well as over time within provinces.
Based on detailed information on compulsory schooling in Canadian provinces we created three indicator variables for the school leaving age: <15, 15 and 16 (see Table 1 for mean values in our sample). Identification of the causal impacts of education on literacy skills assumes that variations in the minimum school leaving age over time and across provinces induced changes in years of schooling that are unrelated to unobserved factors such as ability or motivation.
Although we have a suitable instrument for years of schooling, we were unable to obtain a separate instrument for schooling squared. A standard approach to instrumenting for a squared term would be to use higher order terms in the instrument as instruments for the squared term. However, since our instrument consists of a set of dummy variables, the higher order terms equal the dummy variable itself and we are left without a separate instrument for the squared term. We therefore restrict the IV analysis to those with 16 years of school or less, the sub-sample for which the partial relationship between log literacy and years of education is approximately linear. This is also the range of schooling within which compulsory schooling laws are likely to be binding.
The fifth column of The results from two-stage least squares estimation using school leaving age as an instrument is given in column 6. Several differences between the OLS and IV estimates are evident. The coefficient on education is much larger (approximately double) in the IV specification, a result that has been found in many other studies based on an IV strategy (Card, 1999) . The gender coefficient is now negative, significantly different from zero, but still small in size. Perhaps most important for the purposes of this study, the age coefficients estimated with IV are somewhat smaller in size than their OLS counterparts.
Thus OLS estimation was not causing a misleading view regarding the small impact of age on literacy skills. The family background variables are also generally smaller in size than their OLS counterparts.
Two key findings follow from the estimates reported in table 2. First, if the assumptions underlying our instrument are correct, the estimates indicate that education has a strong causal effect on literacy and that schooling is the dominant determinant of literacy. The second conclusion is that our attempts to address potential bias due to the endogeneity of schooling do not alter the finding that literacy gradually declines with age, 8 Adding the years of schooling squared term to this specification results in a coefficient that is very small and not significantly different from zero. 9 The test statistic corresponding to the joint hypothesis that the province of residence dummies and their interactions with age are significantly different from zero is distributed as F(22,13821) and has an associated p-value of 0.009.
beginning as early as the mid-to late 20s, but at a very modest rate.
Age and Cohort Effects
One of the most striking results from the Table 2 regressions is that literacy skills decline (albeit at a slow rate) with age, beginning as early as the late 20s . Taken at face value, this suggests that individuals do not enhance these skills after they finish schooling.
Essentially, literacy is acquired principally at school and then gradually declines thereafter. This finding is reinforced if we replace age and age squared by experience and experience squared in the regressions in Table 2 . 10 The coefficients on schooling, schooling squared and the female dummy are virtually identical to those presented in Table 2 .
Interpreting the coefficient on age in a cross-sectional regression requires some care, however. As has been extensively studied in the literature on immigrant earnings, differentials between two age groups in a cross section could reflect a variety of possible A more complete investigation of cohort and ageing effects requires the use either of true panel data or of at least two cross-sectional datasets constructed in such a way that we can follow "synthetic" cohorts through time. We make use of the IALS94 and the IALSS03 for this purpose. More specifically, in the public use version of the IALS94, we can observe a set of 10-year wide age groups for the respondents (i.e., ages 26-35, 36-45, 46-55, 56-65, and 65+) . Since we have a continuous age variable in the IALSS03, we can construct age groups that correspond to the age people in these initial groups would be 9 years after IALS94 (i.e., 35-44, 45-54, 55-64, 65-74, and 74+ is special in that its composition is likely to change over time because of deaths. As a result, while we include it in our analysis, we do not place much weight on results related to that cohort in our conclusions.
We begin with plots of the densities of the average of Document and Prose Finally, Figures 14 through 16 show the effects of ageing for specific education/cohort groups. Here, we define wider cohorts in order to ensure enough observations. Figure 14 shows the plots for those with less than a high school education.
There is clear evidence of deterioration over time in literacy skills at all levels above about the 20 th percentile. For the high school graduates, in Figure 15 , the deterioration shows up at a similar place. The university graduates (shown in Figure 16 ) show mixed changes up to about the median but, again, clear deterioration above that point. Thus, there is evidence of deterioration of higher-level literacy skills for all education groups.
To pursue these ageing and cohort effects further, we estimate a series of regressions in which we pool the IALS94 and the IALSS03 data and add cohort dummies to our standard specification. The public use version of IALS94 does not contain a continuous age variable so we adjust our specification by using age categories instead of age and age squared variables. This also facilitates comparisons with US and Norway, countries for which the data on age are only available in categories. We report the results from this specification using simple OLS estimation in column 1 of Table 3 .. As in the earlier specification, the schooling variables enter strongly and significantly. The schooling effect is substantially larger than we witnessed in earlier OLS estimation based on cross-section data. This is evident once we include the cohort dummy variables.
Essentially, the schooling variable in the earlier specifications was partly picking up the cohort effects shown here: older cohorts have both less schooling and higher literacy, leading to an under-estimate of the true impact of schooling. The parental education variables exhibit the same patterns as in earlier estimation, with low as well as unknown/not reported parental education having a negative impact but the remaining variables having small and insignificant coefficients.
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The age and cohort group effects in the pooled OLS results show interesting patterns mirroring those seen in the figures. Recall from Table 2 that when we estimate our standard specification with dummies for age categories, we find a cross-sectional age profile with a small negative slope for much of the age range. In particular, the first two dummy variables (corresponding to the 36-45 and 46-55 age groups) have coefficients that indicate declines in literacy skills of 1.9% and 2.8% respectively relative to the base category (the 26-35 age group). The older 56-65 year age group shows a larger negative effect -a decline of 5.8%. These estimates fit closely with the patterns using age and age squared variables. Once we include the cohort dummy variables, however, the age effects indicate a steeper downward sloping profile, with the 46-55 year olds having 3.9% lower average literacy and the 56-65 year olds having 7.2% lower average literacy than the base group. At the same time, all the cohort dummies apart from the last one have positive effects that increase with the cohort (although that for the cohort that was 56-65 in 1994
is not statistically significant). The cohort that was 46-55 in 1994, for example, has average literacy levels that are 2.8% higher than those for the base cohort, which was 26-35 in 1994. The very oldest cohort has literacy levels that are approximately the same as the youngest cohort. Overall, the implication from these results is that the small negative slope of the literacy-age profile (at least up to age 65) arises from a combination of literacy that declines with age at a greater rate than is suggested by the cross-sectional estimates and lower average literacy for more recent cohorts.
We investigate these phenomena further using quantile regressions in the remaining columns of Table 3 . Several points stand out from these regressions. First, the impact of schooling declines across quantiles: years of school have a greater impact on literacy in lower quantiles than upper quantiles. In examining this evidence, it is important to take account of the second order terms since the schooling effect declines faster with additional years of school at the lowest quantile while it is closer to linear at the top. This means that schooling has a much larger effect in shifting the bottom than the top of the distribution at low years of schooling but about equal effects at the top and bottom of the distribution around 16 years of schooling. Second, the declining literacy with age effect is larger at the top than at the bottom of the distribution. Thus, as in the figures, the bottom of the distribution for various age groups is relatively similar but older age groups have much lower 90 th percentiles. According to the table, for example, the 56-65 year old group has a 90 th percentile that is 11% lower than the 90 th percentile for the base (26-35 year old) group, controlling for education and parental education.
Third, while the cohort effects are evident across the distribution, they are much stronger at the top end. Thus, the cohort who was 56 to 65 in 1994 (i.e., those born between 1938
and 1947) has a 90 th percentile that is 9% higher than that for the base group (who were born between 1968 and 1977). The intriguing question is whether this reflects a decline in effectiveness of the school system. The fact that the figures show some improvements in literacy across cohorts at the bottom end of the distribution while the regression results (with the exception of cohort 4) show no significant change is likely due to the fact that the latter control for education and parental education; newer cohorts have more education, as do their parents. Taken together these results may suggest that schools are doing a poorer job of imparting literacy at any given level but that there have been real benefits to the fact that successive generations have attained greater schooling.
In Table 4 , we present quantile regressions for those with a high school or less education and those with a university education in order to take a closer look at education-related effects. For the high school or less educated group, the ageing effects are virtually non-existent at the lowest quantiles, which perhaps reflects that there is little loss with age of very basic literacy. Also, there is evidence that the lowest quantiles for this education group have actually increased across cohorts. At the top end of the distribution, though, the results are much like the overall results in Table 3 : strong declines with age combined with declines across recent cohorts. Thus, it seems possible that changes to public and high school education have been equalizing across cohorts, with improved literacy for those at the bottom being offset by not providing as good literacy training for those at the top. For the university educated, the declines with age are evident across the whole distribution. There is also evidence of declines across cohorts but these are not statistically well defined. This could be simply a sample size problem or it could suggest that the real difficulties in literacy across generations are associated with other post-secondary education rather than with university education.
The cross-cohort patterns of declining outcomes at the top of the test score distribution and improvements at the bottom fit broadly with results from the PISA evaluations -though over a different time frame. PISA is an OECD initiative in which 15
year olds in a range of countries are tested on their abilities in reading, math and science.
For Canada, between 2000 and 2009, the 10 th percentile of the reading score distribution declined by a statistically insignificant 1% while the 90 th percentile declined by 2.3% (significant at the 5% level) (OECD, 2010) ). Thus, even over this short time frame, there is some evidence of declines in the upper tail of the distribution. In addition, the average reading scores for children whose parents were high school drop-outs was essentially unchanged between 2000 and 2009 while the average score for children whose parents had a BA or higher education declined by approximately 5%. Given correlations in ability and outcomes across generations, this again fits with declines in literacy at the top end of the distribution over extended periods of time. The implication is that Canada's socio-economic gradient in student outcomes is declining over time but for the wrong reason: because of declines at the top end rather than gains at the bottom.
Ageing and Skills in Norway and the United States
Do the ageing patterns observed in Canada also hold in other countries, or are they unique to Canadian society? We use Norway and the U.S. to address this question. 12 We chose these countries principally because in each case we have access to consistent data from both rounds of the IALS, allowing us to make the same kind of age and cohort comparisons as carried out for Canada. However, there are distinct advantages associated with these choices. Norway provides an interesting benchmark because the Nordic countries tend to perform well internationally in literacy assessments -providing something like the "gold standard" in terms of what is attainable. 13 This is the case both for the high mean level of literacy in the adult population, and for the low degree of inequality in the distribution of literacy skills. The U.S. is interesting in part because of its large and technologically advanced economy but also because it typically has lower average skills and greater variability in literacy outcomes than Canada. Canada thus sits between Norway, which has both superior literacy levels and less inequality in literacy, and the U.S., which has generally lower literacy levels and higher literacy inequality. As a group, the three countries thus provide a wide range of cognitive skill outcomes. The Indeed, the rate at which skills fall with age is significantly greater in Norway than in Canada. The main difference is that while this decline is stronger at higher quantiles in Canada, the opposite is true in Norway. The differences across quantiles are also more pronounced in Norway. Similarly, while both countries show declines across cohorts on average, the effects are stronger at the lower conditional quantiles for Norway but for the middle and higher conditional quantiles for Canada. Table 6 presents the same type of analysis for the U.S. samples. The regression estimates show similar patterns to those seen for the Canadian and Norwegian data. In particular, cohort differences exhibit behaviour as in Canada and Norway, with the most recent cohorts having the lowest skill levels. U.S. cohort differences are most prominent in the middle of the literacy skills distribution. In addition, the estimated age coefficients
show strong declines with age that are, again, most substantial in the middle of the skills distribution.
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The strong influence of education on literacy is evident in all three countries, having similar magnitudes in Norway and the U.S. and larger estimated impacts in the Canadian data. In all three countries formal schooling exerts the greatest influence at the bottom of the skills distribution. Parental education is also associated with the respondent's literacy skills in the U.S. and Canada, with the largest estimated impacts being those in the U.S. However, in Norway the evidence suggests that father's education has no influence while that of the mother is modest relative to North America.
Overall, comparisons to both Norway and the U.S. indicate that the ageing pattern we identified for Canada is also present in countries with quite different institutions. In all three countries, literacy declines strongly with age for any given cohort. The countries are also similar in the importance of formal schooling for generating literacy and in the fact that schooling plays a particularly strong role in raising minimum literacy levels.
Remarkably, these three countries are characterized by similar cross-cohort patterns of movements in average literacy. However, Norway differs from Canada and the US in that the cohort movements happen mostly at low quantiles in Norway but are stronger at higher quantiles in the US and Canada. The fact that the ageing patterns are similar across the three economies suggests that the impact of post-schooling institutions is similar in all three. That is, none of the countries has established a superior system in terms of maintaining post-schooling literacy levels. Cohort effects, on the other hand, are related to "permanent" differences associated with people who were born and went through schooling, work and other life experiences at different times. Differences in cohort patterns are thus reflections of institutions that have persistent effects on literacy, with differences in the efficacy of formal schooling being the most likely candidate. Under this interpretation, Norway has been successful relative to the U.S. and Canada in generating both higher overall literacy levels and less literacy inequality. However, Norway has not been able to maintain high levels of literacy generation over successive cohorts, especially at the bottom of the conditional skills distribution. At the same time, despite lower literacy levels overall, Canada and the U.S. have also not been able to maintain the skills of successive generations, especially in the middle and top of the skills distribution.
Conclusion
The IALS and IALSS surveys are unique in providing measures of basic literacy skills parents -such as education and immigrant status -have significant effects on the respondents' education, but a direct impact on literacy that is relatively modest in size.
Perhaps surprising is the finding that literacy skills do not increase with age even over relatively early phases of the life cycle. Rather, there is a weak negative relationship between literacy skills and age beginning in the mid-to late 20s. Taken at face value, these results suggest that literacy skills are primarily determined by formal schooling, and then slowly but gradually decline.
To investigate these issues further, we take advantage of the fact that the 1994 and 2003 surveys provide representative samples of the adult population at two points in time in these three countries, which allows us to separately identify cohort and ageing effects.
Doing so indicates that prose and document literacy skills decline with age after completing formal schooling in all three countries. In Canada and the U.S. there is less evidence of a decline with age at the bottom of the literacy skill distribution, but strong negative age effects in the middle and at the top of the distribution. Norway also exhibits strongly declining literacy skills with age, but these are more evident at the bottom of the distribution.
We also find that in all three countries successive birth cohorts have had poorer literacy outcomes. In Canada and the U.S. these occur in the middle and at the top of the skill distribution. Norway also exhibits declining literacy across cohorts, but these declines are more evident at the bottom of the distribution. The weak negative relationship between literacy skills and age found using cross-sectional data in these three countries appears to result from offsetting age and cohort effects. Once we control for cohort effects, the decline in literacy with age is much more pronounced. The results for these three countries -that represent a wide range of literacy outcomes -suggest that declining literacy with age is a pervasive phenomenon. 
